Steatosis in mice is associated with gender, folate intake, and expression of genes of one-carbon metabolism.
Disrupted choline metabolism may affect hepatic lipid metabolism and lead to steatosis. Because folate and the choline metabolite betaine independently serve as methyl donors for homocysteine (Hcy) remethylation to methionine, we assessed the impact of folate deficiency on steatosis, choline metabolism, and expression of 9 genes involved in folate-mediated one-carbon metabolism. Liver histology, choline metabolites, and mRNA and protein expression were examined in mice fed control (CD; 2 mg/kg folic acid) or folate-deficient diets (FD; 0.3 mg/kg folic acid) for 12 mo. Females fed CD were not steatotic (0/6), whereas males were mildly to moderately steatotic (5/6). Steatosis was observed in FD-fed males and females; it was more severe and more frequent in males (7/7) than in females (4/10) (P = 0.005). Hepatic betaine was lower in males (P = 0.014) and FD-fed mice (P < 0.001) and negatively correlated with steatosis severity in mice fed CD (r = -0.87; P = 0.001). Gender differences in the expression of 6 enzymes may contribute to increased steatosis susceptibility in males. Males relied more on betaine-dependent (folate-independent) Hcy remethylation [72% more betaine-Hcy methyltransferase (P < 0.001) and 28% less folate-dependent methionine synthase (MTR) (P < 0.001)]. FD-fed mice of both genders appeared to shift to betaine-dependent remethylation by reducing MTR expression 70% (P < 0.001) and increasing betaine demand; there was a correlation between MTR expression and betaine levels (r = 0.50; P = 0.031). Our work demonstrates that chronic folate insufficiency leads to steatosis in mice. Increased utilization of betaine for Hcy remethylation in males and in both genders during folate deficiency may lead to steatosis by disrupting choline metabolism.